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An integrated review of the transfer of optical radia-
tion into human skin is presented, aimed at developing 
useful models for photomedicine. The component chro-
mophores of epidermis and stratum corneum in general 
determine the attenuation of radiation in these layers, 
more so than does optical scattering. Epidermal thick-
ness and melanization are important factors for UV 
wavelengths less than 300 nm, whereas the attenuation 
of UV A (320-400 nm) and visible radiation is primarily 
via melanin. The selective penetration of all optical 
wavelengths into psoriatic skin can be maximized by 
application of clear lipophilic liquids, which decrease 
regular reflectance by a refractive-index matching 
mechanism. Sensitivity to wavelengths less than 320 om 
can be enhanced by prolonged aqueous bathing, which 
extracts urocanic acid and other diffusible epidermal 
chromophores. Optical properties of the dermis are mo-
delled using the Kubelka-Munk approach, and calcula-
tions of scattering and absorption coefficients are pre-
sented. This simple approach allows estimates of the 
penetration of radiation in vivo using noninvasive mea-
surements of cutaneous spectral remittance (diffuse re-
flectance). Although the blood chromophores Hb, HbOz, 
and bilirubin determine dermal absorption of wave-
lengths longer than 320 nm, scattering by collagen fibers 
largely determines the depths to which these wave-
lengths penetrate the dermis, and profoundly modifies 
skin colors. An optical "window" exists between 600 and 
1300 nm, which offers the possibility of treating large 
tissue volumes with certain long-wavelength photosen-
sitizers. Moreover, whenever photosensitized action 
spectra extend across the near UV and/or visible spec-
trum, judicious choice of wavelength allows some selec-
tion of the tissue layers directly affected. 
Whenever the skin is involved as the site for photobiologic 
reactions, its optical properties play some role, and very often 
a major role, in affecting the response. Radiation must pass 
through the stratum corneum before reaching viable tissues, 
and hence the thickness, composition, and morphology of the 
stratum corneum is always a modifying factor. Having reached 
viable tissue, the radiation is scattered and absorbed by struc-
tures and chromophores which vary dynamically and between 
individuals. Ultimately, Oul" quantitative understanding of all 
cutaneous and many systemic photobiologic responses, whether 
photochemically or photothermally induced, depends in part 
upon being able to quantitatively model and understand the 
transfer of optical radiation within skin. 
New knowledge of cutaneous optics enters into the design of 
new therapies involving either photochemical reactions with 
known action spectra and metabolic consequences (photother-
apies, photochemotherapies) or selective thermal destruction 
of pigmented target tissues. Different wavelengths across the 
optical spectrum, defined here as approximately 250 nm in the 
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ultraviolet to approximately 3000 nm in the infl'ared, reach 
vastly different depths within tissue, a nd essentially all photo-
biologic effects are both wavelength and dose-dependent. If an 
action spectrum is broad, one therefore has some control, by 
choice of wavelength, over the depth to which tissues are 
directly affected by th e radiation. Our rapidly increasing knowl-
edge of cellular a nd molecular photobiology gained from in 
vitro bacterial and tissue culture studies can, in theory, be 
related to observed responses of cells in situ by comparing the 
dose-related effects of optical radiation in vitro to t hose in vivo. 
Conversely, on the basis of knowing the practical upper limits 
of spectral radiant exposure doses experienced by cell layers, 
blood, or other structw'es in vivo, one can then concentrate on 
basic studies of repair, mutation, and metabolic changes in-
duced by equivalent doses in vitro. Optics of skin modify spectra 
for photobiologic responses, and the transmittance of radiation 
to a given tissue layer should be considered when analyzing 
such spectra. Unfortunately, the "target" tissue layer is often 
poorly defined, and other factors, such as competing photo-
chemical pathways, can modify action spectra as well. 
Another broad potential application involving the optics of 
skin is that of noninvasive in vivo optical spectroscopic mea-
SUl"ements which can be used to monitor major cutaneous 
chromophores of interest. These include melanin, oxygenated 
and reduced hemoglobin, and bilil"ubin, all of which have been 
monitored with val"ying degrees of success by analysis of skin 
remittance (diffuse reflectance) spectra [1-12]. Although clini-
cians have used grossly visible cutaneous autofluorescence ex-
cited by UV A wavelengths as a diagnostic tool for decades, 
there has been no successful quantitative analysis of in vivo 
cutaneous fluorescence spectra. Such an endeavor would prob-
ably yield useful information. 
Central to the basic understanding or application of the optics 
of skin is the devel.opment of a quantitative, general model for 
radiation transfer in this. complex, dynamic, variable, and mul-
tilayered optical medium. This has yet to be accomplished · in 
anything but an approximate fashion, because the microscopi-
cally complex structW'e of the skin makes an entirely rigorous 
a nalysis of its optics vi.rtually impossible. However, on the 
macroscopic scale, phenomenological theories of radiation 
transfer in tW'bid media can be applied to model the optics for 
each skin layer. Fortunately, many of the major chromophores 
are normally confined to a single layer. Melanin is confined to 
the epidermis and stratum corneum, whereas the various forms 
of hemoglobin are confined to vessels of the dermis, and only 
indirectly exert a ny influence on optical radiation densities 
within the overlying epidermis. Considering the absorption 
spectra and localization of the major cutaneous pigments, and 
optical scattering for each layer, it is in theory possible to arrive 
at mathematical descriptions of cutaneous optics which include 
many of the major variables in vivo, and which can be used to 
analyze the skin and its photobiologic responses and to approx-
imate actual Qptics of human skin. 
AN OVERVIEW 
Initially it is helpful to schematize the optics of normal skin 
as shown in Fig 1. At near -normal (nearly perpendicular) inci-
dence, a small fl'action of a n incident radiation is reflected due 
to the change in refl'active index between ai.r (nD = 1.0) and 
stratum corneum (nD ~ 1.55) (13). For normally incident radia-
tion, this regular reflectance of an incident beam from normal 
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FIG 1. Schematic diagram of optical pathways in skin. 
skin is always between 4% and 7% over the entire spectrum 
from 250-3000 nm, for both white and black skin [14,15]. This 
same air-tissue optical interface also causes internal reflection 
of diffuse, back-scattered radiation, which is an important con-
sideration when analyzing remittance spectra of skin: Because 
the surface of the stratum corneum is not smooth and planar: 
(1) the regular reflectance from skin is not specular, i.e. , skin 
reflectance does not maintain an image and (2) a beam of 
collimated incident radiation, upon passing through this surface 
and into the skin, is refracted and therefore made somewhat 
more diffuse by this rough surface. These effects are similar to 
those which make ground glass translucent, compared with the 
transparency of polished glass. 
Regular reflectances occurring at the skin surface can be 
clinically important. Whereas normal skin has a single contin-
uous air-tissue interface, the surface of psoriatic plaques is 
generally torturous a'nd consists of stacked flakes of abnormal 
corneocytes, with some air spaces between them. These present 
multiple optical interfaces, and hence the regular reflectance 
occurring at the surface of psoriasis vulgaris plaques is greater 
than that for normal skin, giving the plaques a white, scaly 
appearance. When lipophilic compounds capable of spreading 
to and filling the spaces are applied, the r egular reflectance of 
the plaque immediately decreases to values within the range 
for normal skin [16]. The broad spectral character, magnitude, 
and rapidity of the decreases in reflectance indicate that the 
mechanism involved is the closer matching of the refractive 
index between the applied compound and the skin, as compared 
to ail, and skin. As would be expected, similar application to 
normal skin does not affect its regular reflectance, because it 
possesses only a single interface. Because the observed decrease 
in psoriatic skin reflectance is unrelated to optical absorption 
by the applied compounds, a greater fraction of the incident 
radiation must penetrate the plaque, but not normai skin sites, 
after application of oils. These observations expla in in part why 
nonnhotosensitizing oily lubricants when applied prior to pho-
totherapy treatments significantly enhance therapeutic effec-
tiven~ss [16]. 
Within any of the layers of skin, the 93% to 96% of the 
incident radiation not returned by regular reflectance may be 
absorbed or scattered. These two processes taken together 
essentially determine the penetration of radiation into skin, as 
well as the remittance of scattered radiation from the skin. 
Scattering results from inhomogeneities in a medium's refrac-
tive index, corresponding to physical inhomogeneities. The 
spatial distribution and intensity of scattered light depends 
upon the s ize and shape of the inhomogeneities relative to the 
wavelength, and upon the difference in refractive index between 
the medium and the inhomogeneities. For molecules or small 
particles with dimensions less than roughly one-tenth of the 
wavelength, scattering is generally weak, nearly isotropic 
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(equally distributed spatially), polarized, and varies inversely 
with the 4th power of wavelength (Rayleigh scattering). For 
particles with dimensions on the same order as the wavelength, 
scattering is much stronger, more forward-directed, and, while 
val'ying inversely with wavelength, is not such a strong inverse 
function. When the particle size greatly exceeds the wavelength 
(so-called Mie scattering), scattering is again diminished and 
becomes highly forward-directed . Within the skin all of these 
general types of seattering occur, but quantitatively, scattering 
by stuctures with dimensions on the order of optical wave-
lengths or somewhat larger must dominate over Rayleigh scat-
tering. In particular, scattering by collagen fibers appears to be 
of major importance in determining the penetration of optical 
radiation within the dermis [15]. 
If scattering is marked, most photons experience multiple 
scattering before being absorbed or back-scattered from the 
sample. In this case, the spatial distribution of the radiation as 
it passes through the sample quickly becomes isotropic (i.e., 
diffuse), regardless of spatial distribution obtained for single 
scattering. If the radiation is isotropic, one can show that the 
average pathlength of photons thl"ough an infintesimal path-
length dx in anyone direction is simply 2 dx [17]. For perfectly 
diffuse (isotropic) radiation, the situation therefore becomes 
somewhat simplified, and one can derive absorption and scat-
tering coefficients for diffuse radiation , equal to twice those for 
collimated radiation because of the pathlength argument given 
above, in terms of measurements of transmittance and remitt-
ance. One popular model for this analysis is that derived by 
Kubelka and Munk [18-20]. The differential (continuous) 
model proposed by Kubelka and Munk is neither an elegant 
nor thorough model of optical radiation transfer, but it is simple 
and can be most readily applied to skin. In general, the more 
physically rigorous theories of radiation transfer require a 
knowledge of structure and optical parameters which is difficult 
to obtain for skin [21]. . 
The Kubelka-Munk theory assumes that the sample pos-
sesses inhomogeneities which ar e small compared with the 
sample thickness; that the inci,dent radiation is diffuse; and that 
regular reflection occurring at the boundaries of a sample can 
be neglected. Although not all of these assumptions are easily 
met, especially the latter two, the theory nonetheless offers a 
means for a simple quantitative treatment of skin optics. Ra-
diation within the sample is divided into 2 opposing diffuse 
fluxes, I and J (Fig 2). The sample's back-scattering (S) and 
absorption (K) coefficients for diffuse radiation are defined in 
two differential equations as the fraction of diffuse radiation 
either back-scattered or absorbed per unit differential path-
length of the sample. These differential equations are: 
x a 
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FIG 2. The Kubelka-Munk model for radiation transfer in a turbid, 
abso rbing medium. 
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dI = (-KI - SI + SJ) dx 
-dJ = (-KJ - SJ + SI) dx 
(1) 
(2) 
which simply state that the change, dI, in flu x lover some layer 
of t hickness dx is eq ual to that fraction of I r emoved by 
absorption and back-scattering plus some fraction contributed 
to I by back-scattering from J. The 2nd differ ent iation equation 
is an analogous statement for J . Integration and substit ut ion of 
boundary condi t ions gives a particular solut ion, which can then 
be rearranged to express Sand K (the 2 unknowns) in terms of 
Rand T (the measurable quanti t ies). Wri tten in t he forms 
derived by Kubelka and Munk, these are: 
K/S = [(1 + R2 - T 2)/2R]-1 (3) 
S = ~ [K/S (K/ S + 2lrl /2 COtll- 1 [ 1 - R(K/ S + 1) ] (4) 
d R[K/ S(K/ S + 2))' /2 
Because a minimum of two different measurements a re al-
ways necessary to determine the 2 unknowns Sand K, mea-
surements of both r emittance and t ra nsmittance, or remittance 
with two different refl ective " backgrounds," are required. In 
order to use this model practically, one must also account for 
regular r efl ection occurring at both sample boundaries, and 
adhere to the use of diffuse incident radiation. This has been 
a ccomplished for thin samples of human dermis in vitro [15). 
Once Sand K are known, the two fluxes I and J can be 
r econstructed, and the radiatio n density at a given depth can 
be estimated by summing I and J at that depth . Neal' t he front 
surface of a scattering sample, the sum of I and J can easily 
exceed 10, the incident density of optical radiation. In the 
extreme case, I plus J just inside the smface of a sample with 
100% remittance is twice 10 . Such "concentration" of radiation 
d ensity due to scattering occw's in fai.r-skinned individuals for 
most visible wavelengths, where remittance is high. If a sample 
is infinitely thick, or simply thick enough that T approaches 
zero, one can rewrite equation 3 as: 
K 
S 
(R - I) " 
2R 
(5) 
Here, the remittance of a thick sample depends solely upon the 
ratio of its absorption and scattering coefficien ts. The dermis is 
sufficiently thick t hat for wavelengths less than 600 nm, its 
transmittance approaches zero, which potentially simplifies 
a nalysis of remittance spectra. If one treats S as a known 
constant, K can be estimated directly from R. 
Fortunately, the structm es of skin which lead to strong 
scattering, a nd hence determines S, appear to be different than 
those chromophores present which determine K. For any given 
layer of skin, K is compositely determined by the concentration 
and distribut ion of those c1uomophores present. Th.;; is con-
venient because in normal skin certain chromophores such as 
hemoglobins, bilirubin, and melanin change rapidly, causing 
changes in absorption coeffi cients, whereas scattering coeffi-
cients should not change significantly until some gross altera-
tion of structure occurs. 
Finally, it is apparent that as the thickness of any particular 
sample decreases, R always decreases and T always increases. 
In t h e case of the stratum corneum, and to a large extent the 
entire normal human epidermis, the layer is thin enough that 
its contribution to remittance (other tha n th e regular reflec-
tance discussed above) is minimal over the entire visible and 
near infrared spectral regions [15). 
OPTICS OF THE STRATUM CORN EUM AND 
EPIDERMIS 
Many studies of the transmission of ultraviolet radiation 
through excised human epidermis and stratum corneum have 
been reported since the original work of Hasselbalch [22). Much 
of the early work failed to account accmately for the diffuse 
nature of transmission t lu'ough skin samples. S ince the advent 
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of commercially-availa ble spectrophotometers with integrating 
spheres, several groups have measmed and published total 
transmission spectra of human epidermis [23,24). The ultravi-
olet-visible transmission of fa ir-skinned Caucasian stratum cor-
neum or epidermis qu ali tatively resembles that of protein con-
taining the aromatic amino acids tryptop han and tyrosine, with 
a minimum in tr ansmittance near 275 nm due to absorption by 
these a nd other aromatic clu·omophores. Nucleic acids, with an 
absorption maximum near 260 nm, and numerous small aro-
matic molecul es, especially urocani c acid, with a n absorption 
maximum at 277 nm at pH 7.4, also contribute to the broad 275 
nm absorption band seen in epidermis and stratum corneum. 
Melanin content a nd distribution usually plays a major but 
higWy variable role in determining the transmission of optical 
radiation tlu'ough the statum corneum and epidermis, depend-
ing upon the genetically determined capacity of an individual 
for constitutive and facu ltative pigmentation. The high absorb-
ance of epidermis and stratum corneum for wavelengths less 
than 240 nm is largely due to pep tide bonds. 
The measurement of epidermal transmittance is complicated 
by a broad fluorescence excitation band centered near 280 nm 
associated with a n emission band between 330 and 360 nm ' 
consistent wi th tryptophan or tyrosine flu orescence [25). Thi~ 
emission band is of sufficient in tensity to cause suspicion of 
epidermal transmission spectra in the region less t han 300 nm, 
when taken with integrating spheres equipped with broadband 
(UV -visible sensitive) photomult ipliers, as in essentially all 
standard spectrophotometer systems. A second problem arises 
if the epidermal sheet is suspended in a il' or placed against a 
quartz slide, typically at the entrance port of an integrating 
sphere. Som e total internal refl ection of forward-scattered and 
refracted off-axis rays occurs, which are then lost for measure-
ment purposes. 
The autofluorescence error can be overcome by using a 
"solar-blind" detector, which is insensit ive to wavelengths 
longer tha n 320 nm, and the problem of total internal refl ection 
can be overcome by using normal saline 'as the optical medium 
on t he dermal side of epidermal samples. T his also maintains 
the samples in a physical environment similar to t hat in vivo. 
Representative fall' -skinned Caucasia n epidermal and stratum 
corneum t ransmission (T) spectra taken with such a system, 
and expressed in apparent optical density (O.D. = log T) uni ts, 
are presen ted in F ig 3a and 3b and compared with convent ional 
spectra not corrected for a utofluorescence [25). 
Absorption spectra o(major epidermal pigments are given in 
F ig 4. It can be seen that epidermal or corneal tr ansmi ttance 
spectra are compositely determined by absorpt ion by these 
(and certainly other) substances. Variations ill the concentra-
tions, distributions, or amoun ts of these chromophores, and in 
epidermal thickness, largely determine individual and anatomic 
variations in epidermal spectral transmission . One would expect 
the pmtein- and nucleic-acid-bound chromophores to be of 
rather constant concentration and distribu t ion in normal skin, 
since these clu'omophores a.re inherent necessit ies of the cellular 
tissue. Both mela nin and w'ocanic acid , however , have variable 
concentrations and distribu t ions and unlike protein or nucleic 
acid , ultraviolet optical absorpt ion may be their major func-
tional role in human skin. 
There are contlicting repo rts on the possible photoinduction 
of urocanic acid synt hesis in the epidermis [26,27] but melanin 
is cer tainly photoinducible. In the visible por tion of the spec- ' 
trum, melanin is essent ially the only pigment affecting the 
transmittance of normal human epidermis, giving rise to the 
wide range of discernable skin colors from " black" to "white." 
The 300 nm transmittance of full- thickness suction-sepaTated 
epidermis including the basal cell layer varies by 2 to 3 orders 
of magni tude from very fa ir-skinned Caucasian to darkly pig-
mented N egro individuals. 
Mela nin is not a " neutral density" filter of the skin' its 
absorption increases steadily towal'd 'shor ter wavelengths ~ver 
th e broad spectrum of 250 to 1,200 nm. In the near infra red, 
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FI G 3. a, Apparent optical density of Caucasian human epidermis 
sample taken with (--) and without (- - - - - -) correction for tissue 
autoflu oresence. Overestimation of transmittance occurs du e to auto-
fluorescence. Sample was obtained from a mputated thigh skin, was 
separated by' immersion in 60°C water for 30 sec, and consisted of the 
entire epidermis minus the basal cell layer. b, Apparent optical density 
of s tratum corneum from skin adjacent to that shown in Fig 3a. Sample 
was separated by 8-h incubation at 37°C in the presence of 10 mg/ ml 
s taphylococcal scalded skin syndrome epidermolytic toxin [45] in 
Hepe's bu ffer with 20% FCS, and consisted of stratum corneum plus 
s tratum granulosum. 
beyond about 1100 nm, absorption by melanin is essentially 
negligible. For wavelengths longer than 1100 nm, both skin 
transmittance [28] and remittance [29,30] (Fig 5) are unaffected 
by melanin pigmentation. 
In addition to increasing melanogenesis, UV exposures of 
skin cause epidermal )1yperplasia [31,32]' The relative degree 
of UV-induced photoprotection offered by melanogenesis ver-
sus epidermal hyperplasia depends upon the wavelengths in 
question, and individual fac tors. For wavelengths less than 300 
nm, and certainly at 275 nm, hyperplasia can offer effective 
photoprotection, but at longer wavelengths, melanin is the only 
major epidermal chromophore in normal skin. The capacity for 
inducing various degrees of hyperpigmentation (tanning) is 
variable and complexly genetically determined. Precise dose-
.response, action spectrum, or photoprotective-effect studies for 
single exposures or for multiple exposures leading to steady-
state equilibria of this interesting photoinducible, photoprotec-
tive system are lacking. The action spectrum for induction of 
melanogenesis grossly resembles that for induction of delayed 
erythema, but at longer wavelengths in the near UV or visible 
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spectral regions, melanogenesis can be induced by suberythem-
ogenic exposure doses [33,34]' UVA (320-400 nm) -induced tan-
ning may be less protective against UVB (290-320 nm) radiation 
than UVB-induced tanning [35]. The mechanism for this dif-
ference is unknown. 
Melanin is a remarkably s table protein-polymer complex, the 
crnomophoric backbone of which survives attack by proteases, 
acids and bases. Caucasian melanosomes typically contain a 
greater number of melanin granules, but less total melanin, 
than Negroid or Mongolian melanosomes, and also appear to 
suffer greater degradation within kera tinocytes. The optical 
effects associated with dispersed "melanin dust" in Caucasians 
versus intact melanosomes have not been quantitated, but it is 
likely that, unless the crnomophoric backbone is degraded, 
dispersal of melanin pigment· in Caucasian stratum corneum 
affords somewhat greater protection than would the same quan-
tity of melanin sequestered in intact melanosomes. An interra-
cial study of epidermal transmittance by Kaidbey, et al [36] 
suggests that the large racial differences in sensitivity to UV of 
10- to 30-fold [37,38] correlate poorly with the small racial 
differences of approximately 3-fold noted in stratum corneum 
transmission. However, the minimal erythema dose of black 
and white subjects has never been directly compared with 
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accurate stratum corneum or epidermal transmitta nce mea-
surements of samples from the sam e subjects, split at various 
levels in the tissue. 
Urocanic acid is thought to play some role as an "endogenous 
sunscreen" of the epidermis and stratum corneum [39,40). Re-
cent observations [41] show that extraction of water soluble, 
diffusible, UV -absorbing compounds from skin into topically 
applied water accounts for the up to 50% increased sensitivity 
of skin to UVB radiation after hydrating the skin for prolonged 
periods. While most of the material extracted is lipid or protein, 
a small fraction (about 0.2%) of the material is urocanic acid . 
Because of its high extinction coefficient (18,800 1M- I cm- I at 
277 nm, pH 7.4), however, urocanic acid accounted for approx-
imately 75% of the optical absorbance of the extracted materi-
als. Because extensive exposure to sunlight is often associated 
with sweating, which deposits urocanic acid on the skin surface 
[39], it is possible that sweating may serve to some extent as a 
t hermally-induced photoprotective mechanism. 
In those studies that have compared diffuse versus direct 
(total transmittance versus transmittance along an optical path 
in line with the incident beam) transmittance of epidermis or 
stratum corneum, th e ratio of diffuse/ direct transmission does 
not appear to be wavelength dependent [23,42] for either UV 
or visible wavelengths. This broadband independence of wave-
lengt h suggests that the diffuse nature of epidermal transmis-
sion of ultraviolet wavelengths is due more to the irregular 
refractive surface of skin than to particle scattering within the 
epidermis. Furthermore, other than regular reflectance, only 
a bout 5% of collimated incident radiation in the 350-3000 nm 
region is r emitted by scattering within Caucasian epidermis 
[15]. This observation is consis tent with a thin sample in which 
t he back-scattering coefficient (S), is small compared with the 
reciprocal of the sample thickness (<100 cm - I ) and/ or absorp-
t ion relative to scattering is large. Epidermal transmittance 
spectra of fair Caucasians indicate that most of incident near 
UV, visible, a nd near infrared radiation is transmitted tlu'ough 
epidermis; one must conclude from the above that whatever 
back-scattering occurs in normal epidermis over this spectral 
region is for practical purposes weak, and that any strong 
scattering within epidermis that does occur must be forwru'd-
directed, i.e., off-axis refraction occurring at the skin surface, 
and large-particle scattering within the tissue. It must be 
pointed out, however, t hat despite the central role of t he 
epidermis in providing optical protection for humans, a thor-
ough attempt to model epidermal optics is still lacking. 
OPTICS OF THE DERMIS 
The dermis has distinctly different optical properties than 
the epidermis, reflecting differences in structure and composi-
tion. Perhaps because the epidermis is easily isolated and forms 
th e first "optical element" of skin, relatively few studies have 
concentrated upon dermal optics. Hardy, Hammell, and Mur-
gatroyd [28] goniometrically measured visible and near infTru'ed 
transmittance of skin sections in vitro, which included vru'ious 
fractions of dermis. The data indicates that the Beer-Lambert 
relation is invalid for dermis, and that transmittance is both 
higher and more forward-directed for longer wavelengths over 
t h e region between 0.5 and 1.23 p.m. These observations suggest 
th at scattering is of major importance in t he dermis. Findlay 
[43] measured transmittance and remittance spectra of dura 
mater and pig dermis and found that thin sections, which 
appeared blue when placed on a black background, showed 
greater transmittance of longer wavelengths, similar to Hardy 
et al.'s findin gs, but exhibited greater remittance of shorter 
wavelengths. Summing Findlay's hansmittance and remittance 
spectra gives values close to 1.0 (100%) across the entire visible 
spectrum, indicating that very little visible light was actually 
a bsorbed . The best explanation for his data is that scattering in 
the dermis must vary inversely with wavelength. Anderson, ef 
al. [15] have presented calculations of spectral scattering (S) 
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and absorption (K) coefficients for human dermis in vitro by 
application of a modified Kubelka-Munk theory to measure-
men ts of transmittance and remittance of thin dermal sections. 
Measurem ents were made under condi t ions appropriate to the 
assumptions inherent in t his model. The spectral transmittance 
and remittance of a typical 200 p.m thick human papillary 
dermis section, analogous to those of Findlay, are shown in Fig 
6. Calcu lated values for Sand K are shown in Fig 7. Dermal 
scattering is markedly increased at shorter wavelengths. T he 
absorption coefficient, D , for bloodless dermis is smaller than S 
except at the prominent a bsorption bands of water in the 
infrared region. Dermal scattering t herefore plays a major role 
in determining the depth to which radiation of various wave-
lengths penetrates the dermis, and largely accounts for obser-
vations [28, 44] that, in general, longer wavelengths across the 
UV -visible-near infrared spectrum penetrate t he dermis to a 
greater extent than do shorter wavelengths. 
The appearance of blue skin n'evi can be explained based 
upon this fact. The average dermal pathiength and depth of 
penetration of remitted shorter wavelengths (blue) light is much 
less than that of longer wavelengths (red) light. This is because 
of increased scattering at shorter wavelengths. In blue nevi, 
melanin is pathologically deposited in the dermis. Blue light 
encounters less of the dermally deposited melanin than red 
light, and may therefore suffer less absorption. Such scattering 
is the only means by which a pigment, such as melanin, which 
absorbs shorter wavelengths more strongly than longer wave-
lengths, can produce blue colors. 
In vivo, the blood-borne pigments hemoglobin, oxy-hemoglo-
bin, beta-carotene, and bilirubin are the major absorbers of 
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FIG 6. Spectral transmittance and remittance of 200 JJ.m thickn ess 
section of human dermis. . 
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FIG 7. Diffuse scattering (S) and absorption (K) coefficients for 
human dermis in vitro, calculated from measurements of spectra l 
remittance a nd t ra nsmi ttance of thin derma l sections under conditions 
appropriate to application of the Kubelka-Munk theory of radiation 
transfer [15]. 
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visible radiation in th e dermis. Absorption spectra for these 
dermal chromophores, a nd for dopa-melanin, are shown in Fig 
8. In add ition , typically less t han 1% of the total hemoglobin in 
blood is methemoglobin, which has a n absorption band in the 
red visible region. The effect of these substances on K is not 
seen in the in vitro dermal spectra presented above but can be 
estimated or inferred fro m in. vivo remittance spectra. This is 
done in the near UV and visible spectrum by assuming S to be 
the same in vivo as measUl"ed in vitro, and using the in vivo 
remittance of very fair or vit iliginous skin as an approximation 
of R for an infinitely thick sample, with no melanin pigmenta-
tion. K can therefore be determined from eq. 5 a bove. The 2 
fluxes I a nd J can t hen be reconstructed, and summed to find 
t he total flux density at a depth x. It can be shown that this 
sum is Ioe- I when 
where f3 is given by 
1/ 2 
f3 = [K : 2S ] . 
For shorter wavelengths, the l ie values can be estimated from 
epidermal transmittance spectra. The Table gives estimated 
depths for which radiation is attenuated to l ie of the incident 
radiation density, for fair Caucasian skin in vitro. It must be 
real ized that the values given in the Table are only estimations 
of the depths of penetration of various wavelengths, based on 
a highly simplified model, and for vitiliginous skin. The epider-
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FIG 8. Absorption spectra of major visible-absorbing pigments of 
human skin, HbO~ (--), Hb ( ..... ), biliru bin (- - 0 - - ) , and DOPA-
melanin (-.-). Parentheses indicate solvent. The spectrum shown for 
DOPA-melanin is the absorbance on a scale of 0 to 1.5 of 1.5 mg% 
aqueous solution. Not shown is ,B-carotene, which has a broad absorp-
tion band qua li tatively similar to that for bilirubin in the 400-500 nm 
region, with maxima at 466 and 497 nm in CHCla. Note scale changes 
in the near infrared. 
Approximate depth for penetration of optical radiation in fair 
CauC(t.i;ian skin to a value of] Ie (37%) of the incid ent energy deni;ity 
Wavelength (nm) Qepth (/Hn) 
250 2 
280 1.5 
300 6 
350 60 
400 90 
450 150 
500 230 
600 550 
700 750 
800 1200 
1000 1600 
1200 2200 
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mis of pigmented individuals can greatly redu ce these values, 
especially at shorter wavelengths, as discussed above. 
Since the penetration of optical radiation in the tissue is 
wavelength-dependent, stratification of pigments at different 
depths influences the spectral distribution of t he radiation 
reaching a given stratum. For example, only the superficial 
vessels-capillaries and the venular plexus-will be exposed to 
significant blue or UV radiation. Conversely, an optical "win-
dow" exists in skin and most other soft tissue in the region 600-
1300 nm. Whenever it is possible to use some portion of the 
penetrating 600-1300 nm wavelength region to cause phototox-
icity, the volume and depth of tissue affected will be large. 
Preliminary meaSUl"ements show that up to 1% of the 605 to 
850 nm wavelength r egion penetrates the en tire human chest 
wall, post mortem . The transmittance of wavelengths less t ha n 
550 nm is less than 10-", however [25]. 
SUMMARY 
The stratum corneum and epidermis provide a n optical bar -
rier primarily by a bsorption of radiation, a nd to a lesser degree, 
by optical scattering. In the ultraviolet region less than 300 nm, 
aromatic amino acids, nucleic acids, urocanic acid, and melanin 
can be defin ed as major epidermal absorbers . Hyperplasia, 
melanogenesis, and perhaps urocanic acid synthesis, form an 
inducible photoprotective system . The relative importance of 
these variable proteetive factors is wavelength-dependent and 
varies between skin sites and individuals. In the wavelength 
region 350- 1200 nm, melanin is the major absorber of radiation 
in the epidermis, especia lly at shorter wavelengths. One can 
manipulate the optics of the epidermis by val"ious stimuli in-
cluding UV radiation, by extraction in vivo of UV -absorbing 
compounds, most notably urocanic acid, and in the case of 
psoriasis by a superficial refi'active index matching mechanism 
when oil is applied. A rigorous model, with data, for epidermal 
optics is lacking. 
The dermis may be considered a turbid tissue matrix wi th 
which optical scattering is an inverse function of wavelength 
and largely defin es the depth' of optical penetration. Absorption 
bands of blood-borne cillomophores, especially bilirubin and 
oxyhemoglobin, are apparent in remittance spectra of skin, and 
such spectra can be used to monitor or analyze serum bilu'ubin, 
vascular , or pigmentation responses. D espite many complicat-
ing factors, it is possible to approximate t he optics of the dennis 
using radiation-tra nsfer theories, and a simple model is pre-
sented. 
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